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Introduction 63
Urbanization is rapidly changing the face of the planet. As cities develop, natural habitats 64 experience drastic environmental changes, from increased temperatures and pollution to greater 65 impervious surface and habitat fragmentation [1] . Evidence is accumulating to support the 66 hypothesis that the environmental features associated with urbanization drive phenotypic 67 differences between populations in urban and nonurban habitats [2] . For example, urban Anolis 68 lizards have evolved longer limbs and more toe lamellae to improve sprint speed on the smooth 69 artificial surfaces common in cities [3, 4] . Increased impervious surfaces often lead to warmer air 70 temperatures in cities [5] , which has driven increases in thermal tolerance of urban acorn ant [6] 71 and Daphnia populations [7] . These studies, and others (see table S1 in [8] ) suggest that many 72 urban populations are adapting to the novel environments created by humans. 73 Despite accumulating evidence of evolution in response to urban-driven environmental 74 change, most studies focusing on phenotypic divergence associated with urbanization have 75 examined just one or a few traits at a time [4, [9] [10] [11] [12] . However, theoretical and empirical work in 76 other systems suggest that selection can drive the evolution of multivariate phenotypic clines 77 along environmental gradients [13, 14] . Multivariate phenotypic analyses incorporate multiple, 78 often correlated, traits to explain overarching shifts in phenotypes across environments. 
Methods

98
Detailed methods can be found in the online supplementary materials.
100
Common garden experiment 101 We examined multivariate trait divergence along an urbanization gradient using white clover 102 (Trifolium repens) as a model system. We grew 642 F1 generation white clover plants from seed 103 in a common garden. These plants were distributed among 209 plant families' from 27 104 populations spanning an urban-rural transect in Toronto, Ontario, Canada ( Fig. 1a, [10] ). The 105 garden was located at the University of Toronto Mississauga in summer 2017. We measured 106 6 several traits during our experiment, some of which are known to be under selection in this 107 system (Table 1) [26, 27] .
109
Field observations 110 We quantified variation in pollination among our study populations to identify possible 111 mechanisms that might underlie phenotypic divergence along the urbanization gradient. We 112 conducted pollinator observations in all study populations using two 1 m × 1 m quadrats (similar 113 to [28]) placed in full sun and counting the number of inflorescences visited by pollinators over 114 20 minutes. We classified pollinators into three morphological groups (termed morphs hereafter): 115 honeybees (Apis mellifera), bumblebees (Bombus spp.) and sweat bees (Halictidae). 116 We additionally collected twenty ripe infructescences (i.e., group of fruit) from the same 117 populations in which we recorded pollinator observations. We counted the number of flowers 118 and seeds in each infructescence and used the number of seeds per flower as a metric of pollen 119 limitation (fewer seeds per flower = more pollen limitation). We generated data for the same 120 metric from plants in the common garden. These data provide information about in situ variation 121 in pollen limitation (field-collected inflorescences) and evolved differences in plants' abilities to 122 set seed from pollen (common garden data).
124
Data analysis 125 We investigated whether urbanization was associated with multivariate phenotypic 
132
The RDA tests whether distance to the urban center explains more phenotypic variation 133 than expected by chance. In principle, we could observe a significant RDA even if just one trait 134 was associated with distance, but our interest lies in understanding whether multiple traits are 135 evolving together along the transect (i.e., including traits that do not vary significantly on their 136 own). Therefore, we used the canonical coefficients from the RDA that describe the individual 137 contribution of phenotypic traits to the first constrained axis of the RDA (RDA1 [i.e., distance]) 138 to calculate a multivariate phenotype score for each individual. This score, referred to as 139 clinemax, is the multivariate quantitative trait that shows the strongest association with distance to Urbanization was associated with multivariate trait divergence and the evolution of a 154 multivariate phenotypic cline in Toronto, ON ( Fig. S2 and Fig. 1b ). Distance to the urban core 155 explained 2.7% of the total variation in the multivariate phenotypic composition of populations 156 (RDA, F1, 202 = 5.51, P < 0.001, Fig. S2, Fig. S3 ). The composite trait showing the strongest 157 association with distance to the urban core (i.e., clinemax) showed a positive cline along the 158 urbanization gradient (β = 0.01, t206 = 9.32, P < 0.001, r 2 = 0.29, Fig. 1b ) that was at least as 159 strong as any trait when analyzed individually ( Fig. S4 and S5, see also standardized beta 160 coefficients in table S1). The six traits that loaded most strongly (|loading| > 0.3, bolded in Fig.   161 S2) onto the first axis of the RDA (RDA1)-germination, phenology, flower size, biomass, 162 HCN, and stolon thickness-and contributed most to the composite trait showing the strongest 163 association with distance all showed significant univariate clines in the direction predicted based 164 on their trait loadings ( Fig. S2 and Fig. S6a ). Morph interaction: F2, 75 = 14.11, P < 0.001, Fig. 2a ): bumblebee visitation rate was greatest in 174 9 urban populations, whereas honeybee visitation was greatest in nonurban populations, and sweat 175 bees showed little change in visitation across the urbanization gradient ( Fig. 2a ).
176
While common garden infructescences were on average more thoroughly pollinated than 177 those in natural populations (i.e., more seeds per flower; source F1, 50 = 30.04, P < 0.001, 178 meanfield = 1.1, meangarden = 2.5, Fig. 2b ), the number of seeds per flower was highest in urban 179 populations (Distance effect: β = −0.013, F1, 50 = 5.48, P = 0.03, Fig. 2b ). Urban plants were 180 more pollinated than non-urban plants in both the common garden and in the field (Distance × 181 source interaction: F1,50 = 0.99, P = 0.33, Fig. 2b ). S4a and S4b), greater vegetative biomass (Fig. S4c) , larger banner petals (Fig. S4d) , thinner 193 stolons (Fig. S4e) , and lower HCN frequencies (Fig. S4f) . Many of the traits (three of six) most 194 strongly associated with distance to the urban core were reproductive traits, supporting the 195 prediction that these traits are likely to show evolutionary divergence between urban and suggesting plants in urban environments should match these phenotypes if they have indeed 206 evolved to better tolerate frost. Our data do not support the hypothesis that urban populations 207 have evolved smaller leaves but do support urban plants having thinner stolons (Fig. S4e, table 208 S1), offering partial support to the hypothesis that urban populations may be more frost tolerant. Our results suggest that natural selection imposed by urbanization is sufficiently strong and 236 multifarious to have driven the rapid evolution of a multivariate phenotypic cline in white clover 237 in a large metropolitan area. The data available demonstrate variable responses of different plant 238 taxa to urbanization, suggesting there is likely no 'one size fits all' solution to life in the city.
239
Many of the traits showing divergence between urban and nonurban populations are involved in 240 plant reproduction, and some of this divergence might be due to variation in the pollination 241 12 environment. Together, our results suggest that natural selection in urban environments is rapidly 242 refining whole-organism phenotypes to facilitate adaptation to cities. 
